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(54) CONTIGUOUSLY MOUNTABLE SENSOR UNrT 

(57) The sensor unit (1) of the present invention 
comprises a housing (2) which is adapted to be mounted 
on a DIN rail (1 0) closely one next to another as a sensor 
unit array, and to be connected to a sensor head (4a and 
5a) via a cable (4 and 5). The housing (2) accommo- 
dates a sensing circuit system (101, 102; 201 to 205) 
for achieving a desired sensing function in cooperation 
with the sensor head (4a and 5a) f a first optical commu- 
nication circuit system (210, 211) including a light emit- 
ting device (206) and a light receiving device (207) for 
conducting an optical bi-directional communication with 
one of the adjacent sensor units in the multiple sensor 
unit array, and a second optical communication circuit 
system (212, 21 3) including a light emitting device (208) 
and a light receiving device (209)for conducting an op- 
tical bi-directional communication with the other of the 
adjacent sensor units, whereby the sensor unit (1 ,1) is 
enabled to conduct an optical bi-directional communi- 
cation with each of the adjacent sensor units In the mul- 
tiple sensor unit array. 
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Description 
TECHNICAL FIELD 

[0001] The present Invention relates to a sensor unft s 
which is suitable for use in a multiple sensor unit array 
of a main body unit for an optical ffeer type photoelectric 
sensor, a proximate sensor having a separate sensor 
head, an ultrasonic sensor having a separate sensor 
head or the like, and In particular to a sensor unit which 10 
is suitable for performing a bi-directional optical data 
communication between the adjacent sensor units. 

BACKGROUND OF THE INVENTION 

15 

[0002] Various sensors such as photoelectric sen- 
sors, proximate sensors and ultrasonic sensors are 
used for detecting the presence or position of an object 
as a part of factory automation (FA). In particular, optical 
fiber type photoelectric sensors that have separate sen- 20 
sor heads are widely used In compact and high-density 
machines which are required to be controlled because 
such sensors can be mounted in a limited space. The 
term "sensor" as used herein Includes those producing 
a switching output by comparing a detected value with & 
a threshold value as wed as those for producing the de- 
tected value as an analog or a digital value. 
[0003] In the case of a sensor having a separate sen- 
sor head as is the case with an optical fiber type photo- 
electric sensor, the sensor head and the main body unit 30 
are Joined by a cable (consisting of an optical fiber cable 
in the case of a photoelectric sensor, or an electric cable 
in the case of a proximate sensor or an ultrasonic sen- 
sor). The main body unit is sometimes called as an am- 
plifier unit in the industry. The main body unit is called 35 
in the following description as a "sensor unit". 
[0004] The housing of a sensor unit accommodates 
various circuits such as a drive circuit for driving a sen- 
sor head and a signal processing circuits for processing 
the signal from the sensor head and generating an out- 40 
put signal of a desired form. In other words, the sensor 
unit housing accommodates a sensing circuit system 
which achieves a desired sensing function in coopera- 
tion with the sensor head. 

[0005] Conventionally, sensor units for use in a mul- *5 
tiple sensor u nit array have been developed with the aim 
to accommodate a large number of sensor units in a 
console board or the like. Such a sensor system incor- 
porating a large number of sensor units closely one next 
to another is illustrated in Figure 1 4. The illustrated sen- 50 
sor units each consist of a main body unit (often called 
as an amplifier unit) of an optical f toer type photoelectric 
sensor. 

[0006] As shown in the drawing, this sensor system 
comprises a DIN rail 301 placed inside a control console ss 
or the like, and a plurality of sensor units 300, 300, ... 
which are adapted to be used In a multiple sensor unit 
array and mounted on th DIN rail 301 closely one n xt 



to another. In oth r words, each sensor unft 300 is 
mounted on the DIN rafl 301 in alignment with others n- 
sor units by fitting a DIN rail mount groove 302 formed 
in the bottom surface of the housing onto the DIN rail 
301. 

[0007] A pair of optical fiber cables consisting of an 
outgoing optical fiber cable 303 and an Incoming optical 
fiber cable 304 extend from the rear surface of the hous- 
ing of each sensor unit 300, and the free ends of these 
optical ffoer cables 303 and 304 are connected to sensor 
heads 303a and 304a which are placed in a detection 
region. 

[0008] An electric cable (or cord) 305 extends from 
the front surface of the sensor unit 300 to produce a 
switching output or a signal Indicating the intensity of 
the received light which is generated by the sensing cir- 
cuit system (not shown in the drawing) inside the unit 
housing. This electric cable 305 is connected to external 
control equipment such as a programmable logic con- 
troller (PLC) which is not shown In the drawing. 
[0009] As the presence or position of an object is de- 
tected by the sensor heads 303a and 304a of the optical 
fiber cables 303 and 304 according to the change in the 
transmitted or reflected light, by virtue of the prescribed 
operation of the sensing circuit system of the sensor unit 

300, a detection signal (a switching output or a signal 
indicating the intensity of the received fight) is forwarded 
to control equipment such as a programmable logic con- 
troller (PLC) via the cable 305. 

[0010] Thus, according to the sensor system de- 
scribed above, because the outer profile of the housing 
of each sensor unit 300 has a flat configuration with Hs 
small side aligned with the direction of the array, and is 
provided with a DIN rail mount groove 302 in its bottom 
surface, if the control console is provided with a DIN rail 

301, a large number of such independent sensor units 
300 can be mounted on the DIN rail 301 closely one next 
to another in a highly compact fashion. 

[0011] In recent years, the sensing circuit system In- 
corporated in the sensor unit is given with a progressive- 
ly higher functionality and performance so that the sen- 
sor unit may be adapted to a greater variety of objects 
and a wider range of detecting conditions. Therefore, 
there is a growing need to set up the conditions for a 
larger number of data items for each sensor unit and to 
monitor the sensor unit to place the sensor unit in an 
optimum condition for detecting a greater variety of ob- 
jects and a wider range of detecting conditions. 
[001 2] Such set-up work has been conventionally per- 
formed manually by manipulating small set-up keys pro- 
vided on outer surface of each sensor unit housing while 
viewing a display unit which is typically difficult to read. 
Therefore, such work has been known to be irritating 
and time-consuming. 

[0013] The sensor unit housing is made smaller and 
smaller because of the growing demand for more com- 
pact design. This trend sev refy hampers the effort to 
soiv the problems associated with th inconv ni nee 
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in manipulating the set-up keys on the sensor unit hous- 
ing and the difficulty In reading th display on the sensor 
unit. 

[0014] The Inventors have conducted a research to 
the end of eliminating such problems of the prior art, and 
have conceived the idea that if each pair of adjacent 
sensor units In a sensor unit array can transfer data be- 
tween them in both directions, It wilt become possible to 
provide a data set-up unit of good manlpulabillty at an 
end of the sensor unit array which is easily accessible, 
and to transfer the data from the data set-up unit to each 
sensor unit. Also, It will become possfole to transfer the 
data of each sensor unit to the sensor unit at an end of 
the array so that the data may be monitored on a data 
display device which provides a favorable visibility. 
[001 5] Implementation of such an idea requires an ar- 
rangement which allows a bi-directional data transfer 
between each pair of adjacent sensor units. However, 
in the technical field of sensor systems, no appropriate 
prior art Is available that serves this purpose. 
[0016] For instance, Japanese patent laid open pub- 
lication (kokal) No. 9-6471 2 discloses a detection switch 
system in which a female connector and a male connec- 
tor are provided on opposing surfaces of each pair of 
adjacent detection switches (which correspond to the 
sensor units of the present Invention), and are joined 
together electrically so that the control circuit board of 
each detection switch may be supplied with electric 
power for the adjacent detection switch, and the light 
emission timing may be suitably varied from one detec- 
tion switch to another by passing an external synchro- 
nization signal from the upstream detection switch to the 
downstream detection switch with a suitable time delay. 
[0017] However, to achieve such a bi-directional data 
transfer system contemplated by the inventors, it Is nec- 
essary to arrange a large number of sensor units, typi- 
cally from 16 to 64 sensor units, in a series. Therefore, 
when a contact type connector is used for signal transfer 
means between each pair of adjacent sensor units as 
shown in the above publication, the signal transmission 
path contains so many contact points which may be- 
come faulty that such an arrangement would be too un- 
reliable for any practical purpose. 
[001 8] Because the synchronization signal in this pri- 
or patent publication is intended for delaying the timing 
of light emission, the transfer of data takes place only in 
one direction, and this prior art Is therefore based on a 
concept which Is fundamentally different from that of the 
bi-directional data transfer contemplated by the inven- 
tors. 

[0019] Also, the contact type connector disclosed in 
this prior patent publication requires a projection and a 
recess to be provided on either side surface of the sen- 
sor unit housing, and this not only necessitates a higher 
precision for the metallic die assembly for molding the 
sensor unit housing but also causes some Inconven- 
ience In stocking and packaging th parts of sensor unit. 
Becaus the connector Involves a male and female n- 



gagement, when any particular sensor unit has become 
faulty and Is required to b replaced, It is not possibl 
to remove only the faulty sensor unit from the DIN rail, 
and the maintenance work such as replacing a sensor 

5 unit tends to require an excessive amount of work. 
[0020] This invention was made in view of such prob- 
lems of the prior art, and its primary object is to provide 
a sensor unit which allows a reliable bi-directional data 
transfer between each pair of adjacent sensor units In 

io a sensor system using an array of sensor units. 

[0021] Another object of the present invention is to 
provide a sensor unit which allows a reliable bi-direction 
data transfer between each pair of adjacent sensor 
units, and has flat housing side surfaces so that each 

15 sensor unit may be replaced without being interfered by 
the adjacent sensor units, and the manufacturing cost 
may be reduced through simprification of the design of 
the metallic molding die assembly. 
[0022] Yet another object of the present invention Is 

20 to provide a sensor unit which allows a reliable bi-direc- 
tional data transfer between each pair of adjacent sen- 
sor units In a sensor system using an array of sensor 
units so that more enhanced data set-up manipulation 
and monitoring may be enabled through integration of 

25 various functions In each sensor unit. 

[0023] Other objects and advantages of the present 
invention will become apparent to a person skilled In the 
art from the following description. 

30 BRIEF SUMMARY OF THE INVENTION 

[0024] The sensor unit of the present invention Is pro- 
vided with a housing that allows a number of such sen- 
sor units to be arranged closely one next to another, and 

3S is adapted to be connected to a sensor head via a cable. 
[0025] The "cable" as used herein means an optical 
fiber cable In the case of a photoelectric sensor, and an 
electric cable (cord) In the case of a proximate sensor 
or an ultrasonic sensor. The arrangement for mounting 

40 a number of sensor units fe not limited to the one using 
a DIN rail, but may consist of any means or structure for 
mounting a number of sensor units. 
[0026] The housing accommodates a sensing circuit 
system, and first and second optical communication cir- 

45 CUitS. 

p>027] The sensing circuit system performs the de- 
sired sensing function in cooperation with the sensor 
head. The "desired sensing function" as used herein 
may vary depending on the kind of the sensor unit (pho- 
so toelectric sensor, proximate sensor, ultrasonic sensor, 
and so on). 

[0028] For Instance, when the sensor unit consists of 
a photoelectric sensor, the sensing function consists of 
a photoelectric detecting function of either transmission 
55 or reflection type using a detection medium consisting 
of a detection light beam (of visible light, infrared light 
or the like). When the sensor unit consists of a proximate 
sensor, the s nslng function consists of an object de- 
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tecting function which is based n th change in prop- 
erties such as the oscillation amplitude and oscOIati n 
frequency f ah Internal oscillation circuit du to the 
presence of an object in proximity. When the sensor unit 
consists of an ultrasonic sensor, the desired sensing s 
function consists of an object detection function based 
on the use of a detection medium consisting of ultrason- 
ic sound. 

[0029] The "sensing circuit system" as used herein In- 
cludes not on ly hardware for achieving the desired sens- io 
ing function but also software which operates a micro- 
processor so as to perform specific functions. 
[0030] The first optical communication circuit system 
comprises a light emitting device and a light receiving 
device for conducting a bi-directional communication is 
with one of the adjacent sensor units when a plurality of 
such sensor units are arranged closely one next to an- 
other. Likewise, the second optical communication cir- 
cuit system comprises a light emitting device and a light 
receiving device for conducting a bi-directional commu- 20 
nlcation with the other of the adjacent sensor units when 
a plurality of such sensor units are arranged closely one 
next to another. 

[0031] The "bi-directional optical communication" as 
used herein means that not only transmission but also 25 
reception is enabled. It however does not matter if the 
bi-directional optical communication is conducted in full 
duplex mode or half duplex mode. 
[0032] The first and second optical communication 
circuit systems each include not only a light emitting de- so 
vice such as a light emitting diode and a light receiving 
device such as a photodiode but also various other elec- 
tric components that are required for optical communi- 
cation such as software for transmission, a parallel/se- 
rial conversion circuit, a light emitting device drive cir- ss 
curt, a fight receiving device output amplifier circuit, a 
serial/parallel conversion circuit and software for recep- 
tion. 

[0033] The term "optical communication circuit sys- 
tem" is used herein to distinguish from the "sensing cir- 40 
cult system". The structure of the optical signal trans- 
mission path between the light emitting device and light 
receiving device with in the sensor housing can be freely 
selected. Light guiding means such as optical fiber ca- 
bles, prisms and mirrors may be used to form all of or a 4s 
part of the optical path between the light emitting device 
and light receiving device. 

[0034] According to this structure, a bi-directional op- 
tical communication is enabled between each pair of ad- 
jacent sensor units in an array of sensor units, and as so 
there is no need for a connector relying on a physical 
contact for transmission of signals between the adjacent 
sensor units, a high level of reliability can be ensured 
even when a large number of sensor units are arranged 
in an array for signal transfer. ss 
[0035] According to a preferred embodiment of the 
present lnv ntion, the housing is provkJ d with a first 
optical communication window provided on one side 



thereof for conducting an optical bi-directional cornmu- 
nfcati n with on of the adjacent sensor units in the sen- 
sor unit array, a second optical communication window 
provided on the other side thereof for conducting an op- 
tical bWirectional communication with the other of the 
adjacent sensor units in the sensor unit array, whereby 
the sensor unit is enabled to conduct an optical bi-direc- 
tional communication with each of the adjacent sensor 
units in the sensor unit array via a corresponding one of 
the optical communication windows. 
[0036] According to this structure, because the optical 
communication between each pair of adjacent sensor 
units is accomplished via the optical communication 
windows, the sides of the housing may consist of flat 
surfaces so that a significant cost reduction can be ac- 
complished owing to the simplification of the metallic die 
assembly for molding the housing, and the simplification 
of the stocking and packaging of the sensor unit. Fur- 
thermore, when an array of such sensor units are 
mounted on a DIN rail closely one next to another, there 
is no mechanical interference between adjacent sensor 
units, and the work required in replacing one of the sen- 
sor units is simplified. 

[0037] The optical communication window provided 
on each side of the housing may be fitted with a visible 
light cut-off filter, an optical lens or the like. Such astruc- 
ture improves the efficiency in emission and reception 
of light and reduces noises in the optical communication 
by the light emitting device and fight receiving device so 
that the tolerance in the relative positioning of adjacent 
sensor units is increased, and the reliability of the optical 
communication is improved. 

[0038] The optical lens provided in the optical com- 
munication window on each side of the housing may 
consist of a semi-cylindrical lens having a flat surface 
facing outward and shared by the light emitting device 
and light receiving device, the light emitting device and 
Dght receiving device being arranged along an axial di- 
rection of the semi-cylindrical lens, and being reversed 
in position from one side of the housing to the other so 
as to complementary oppose the counterparts thereof 
in the corresponding adjacent sensor unit in the sensor 
unit array. 

[0039] According to this arrangement, because the 
single optical lens can be used for both emission and 
reception of light, the optical system can be simplified 
in structure, the work required in aligning the optical 
center lines is simplified, and a cost reduction can be 
accomplished. 

[0040] The sensor unit of the present invention may 
further comprise data transfer control means for ena- 
bling a bi-directional transfer of data between each pair 
of adjacent sensor units in the manner of a bucket bri- 
gade by controlling the first and second optical commu- 
nication circuit systems. 

[0041] According to this structure, by passing the data 
received from ne of the adjacent sensor units to the 
oth r adjacent sensor unit, a quick data transfer from 
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on sensor unit to another can be accomplished. 
[0042] As can be readily appreciated, the sens runlt 
of the present invention may consist of a photoelectric 
sensor, a proximate sensor or an ultrasonic sensor by 
appropriately designing the sensing circuit system. 
[0043] A sensor system of the present invention in- 
corporating a sensor unit array consisting of a large 
number of such sensor units has a novel structure, and 
provides novel advantages. 

[0044] Specifically, according to the sensor system of 1 
the present invention, because a bi-directional ex- 
change of signals between adjacent sensor units is en- 
abled, it is possible to monitor a large number of sensor 
units or arbitrarily selected sensor units with a simple 
operation, in particular without requiring to Individually 
operate the associated sensor units, by forwarding a 
monitor request command to the particular sensor units 
from an end of the sensor unit array via the intervening 
sensor units to be executed by the associated sensor 
units, and having responses therefrom returned to the 
source of the request command or the sensor unit at the 
end of the sensor unit array. 

[0045] In a similar fashion, by replacing the monitor 
request command with a data setting command, setting 
of data to a large number of sensor units or arbitrarily 
selected sensor units can be executed with a simple op- 
eration, instead of individually operating the associated 
sensor units. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0046] 

Figure 1 is a perspective view of an embodiment of 
the sensor unit of the present invention; 
Figure 2 Is a perspective view of an embodiment of 
the sensor system of the present invention; 
Figure 3 is a sectional view showing the positional 
relationship of the optical communication windows 
with the corresponding light emitting devices and 
light receiving devices In an array of sensor units; 
Figure 4 is a schematic perspective view showing 
the positional relationship between the lenses and 
the light emitting devices and receiving devices in 
sensor units; 

Figure 5 is a sectional view showing the positional 
relationship between the optical communication 
windows, each fitted with an optical lens, and the 
light emitting devices and light receiving devices in 
an array of sensor units; 

Figure 6 is a functional block diagram showing the 
hardware and software structures in the sensor unit; 
Figure 7 is a schematic perspective view of a sensor 
system showing an exemplary arrangement of sen- 
sor units to illustrate the process of preventing mu- 
tual interferences; 

Figur 8 Is a timing chart illustrating th process of 
preventing mutual interferences; 



Figure 9 is a schematic perspectiv view of as nsor 
system showing an exemplary arrangement of sen- 
sor units to illustrate the process of bi-directional da- 
ta communication; 

Figure 10 Is a timing chart illustrating the process 
of bi-directional data communication; 
Figure 11 shows illustrative side views of sensor 
unit housings having two different exemplary optical 
communication windows; 

Figure 12 is a perspective view of the sensor system 
of the present invention implemented as a proxi- 
mate sensor system; 

Figure 13 Is a perspective view of the sensor system 
of the present invention implemented as ultrasonic 
sensor system; and 

Figure 14 is a perspective view of a conventional 
sensor system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] Now a sensor unit and a sensor system em- 
bodying the present invention are described in the fol- 
lowing with reference to the appended drawings. 
[0048] An embodiment of the sensor unit of the 
present invention is illustrated in Figure 1 . The Illustrated 
sensor unit 1 consists of an optical fiber type photoelec- 
tric sensor unit. 

[0049] Referring to Figure 1 , the sensor unit 1 com- 
prises a housing 2 having a relatively fiat rectangular 
shape. An outgoing optical fiber cable 4 and an incoming 
optical fiber cable 5 extend from the rear end 3 of the 
housing 2. The free ends of these optical fiber cables 4 
and 5 are connected to sensor heads 4a and 5a placed 
35 in a detection region as described hereinafter. 

[0050] An electric cable (cord) 8 extends from the 
front end 6 of the housing 2 via a connector 7. This elec- 
tric cable 8 conducts an output signal (such as an on/off 
signal, a signal indicating an amount of light, and so on) 
40 of a sensing circuit system (not shown in the drawing) 
provided inside the housing. The electric cable 8 is con- 
nected to control equipment (not shown in the drawing) 
such as a programmable logic controller (PLC). The bot- 
tom surface of the housing 2 is provided with a DIN rail 
45 mount groove 9 for mounting the sensor unit 1 on a DIN 
rail. 

[0051] The right side 11 of the housing 2 is provided 
with an optical communication window 12 for right side 
communication, and the left side 13 of the housing 2 is 

so provided with an optical communication window 14 for 
left side communication. These optical communication 
windows 12 and 14 are illustrated as through holes in 
the drawings, but are In fact each closed by a resin filter 
which allows infrared light to pass through but shuts off 

55 visible light, the outer surface of the filter being flat with 
the surrounding surface of the housing side surface. 
[0052] As described in more detail h reinatter, behind 
th optical communication window 12 on the right side 
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are disposed a light emitting device and a light receiving 
device (not shown in th drawing) for right side commu- 
nication using infrared light. Likewise, behind the optical 
communication window 14 on the left side are disposed 
a light emitting device and a light receiving device (not 
shown in the drawing) for left side communication using 
infrared fight 

[0053] The perspective view of Figure 2 shows a large 
number of sensor units 1 which are mounted on a DIN 
rail. As shown in Figure 2, by arranging a large number 
of sensor units 1 , with the DIN rail mount groove 9 pro- 
vided in the bottom surface of each sensor unit fitted 
onto the DIN rail 10, closely one next to another, the 
sensor units 1 are aligned In a single file closely in con- 
tact with the adjacent sensor units 1. As a result, the 
optical communication window 12 as descnbed before 
opposes the corresponding optical communication win- 
dow 14. This enables a b (-directional optical communi- 
cation using infrared light between each pair of adjacent 
sensor units 1 via the corresponding optical communi- 
cation windows 12 and 14 as indicated by arrow 15 in 
the drawing, as described hereinafter. 
[0054] An exemplary arrangement for supporting the 
light emitting devices and light receiving devices in the 
housing 2 of each sensor unit 1 is shown in the sectional 
view of the housing in Rgure 3. In Figure 3, three sensor 
units 1a, 1b and 1c are shown as being placed closely 
to one another. 

[0055] As shown in the drawing, the housing 2 of each 
sensor unit 1 a, 1 b and 1 c accommodates a circuit board 
16 incorporated with various circuit components. The 
circuit board 1 6 Is supported by a mechanism not shown 
in the drawing so as to be disposed in parallel with the 
right and left sides 11 and 13 of the housing 2. 
[0056] Referring to Rgure 1, on the right side of the 
circuit board 1 6 are supported a light emitting device (for 
instance, an Infrared light emitting diode) 1 7 and a light 
receiving device (for instance, a photodiode) 1 8 for right 
side communication. These devices 17 and 1 8 are po- 
sitioned so as to oppose the optical communication win- 
dow 12 provided on the right side 11 of the housing 2. 
Likewise, on the left side of the circuit board 1 6 are sup- 
ported a light receiving device (for instance, a photodi- 
ode) 19 and a light emitting device (for instance, an in- 
frared light emitting diode) 20 for left side communica- 
tion. These devices 19 and 20 are positioned so as to 
oppose the optical communication window 1 4 provided 
on the left side 13 of the housing 2. Although not shown 
in the drawing, each of the right and left optical commu- 
nication windows 1 2 and 14 is closed by a filter for shut- 
ting off visible light 

[0057] According to this structure, by repeating the 
process of receiving the light emitted from one of the 
light emitting elements 1 7 with the corresponding light 
receiving element 19 from one pair of adjacent sensor 
units to another, the signal can be transmitted in the di- 
rection indicated by arrow A in the drawing. By repeating 
the process of receiving the light emitted from one of th 



fight emitting elements 20 with the corresponding light 
receiving element 1 8 from on pair of adjacent ensor 
units to another, the signal can be transmitted in the di- 
rection indicated by arrow B in the drawing. In other 
s words, according to the illustrated example, data can be 
transferred in both directions among the sensor units 1 a, 
1b and 1c. 

[0058] The right and left optical communication win- 
dows 12 and 14 of the housing 2 may be each fitted with 
10 a lens so as to improve the efficiency of emitting and 
receiving light between the mutually opposing light emit- 
ting device and fight receiving device of the adjacent 
sensor units. The lenses may each consist of any optical 
lens, including a Fresnel lens. 

is [0059] Figures 4 and 5 show an example In which a 
semi-cylindrical lens is used for the optical lens. As can 
be appreciated from these drawings, the semi-cylindri- 
cal lens 21 is fitted on the optical communication window 
1 2 of the right side 1 1 of the housing with a flat surface 

20 thereof facing outward and Its axial line oriented verti- 
cally. Likewise, the semi-cylindrical lens 22 is fitted on 
the optical communication window 14 of the left side 13 
of the housing with a flat surface thereof facing outward 
and its axial line oriented vertically. 

25 [0060] Therefore, the infrared light emitted from the 
light emitting device 1 7 of the sensor unit 1 a converges 
under the action of the upper half of the semi-cylindrical 
lens 21 , and is projected out of the optical communica- 
tion window 1 2 as a parallel beam. The infrared light pro- 

30 Jected from the optical communication window 1 2 trav- 
els and eventually reaches the optical communication 
window 14 of the adjacent sensor unit 1b. The infrared 
light which has passed into the optical communication 
window 14 converges under the action of the upper half 

35 of the semi-cylindrical lens 22, and impinges upon the 
light receiving device 1 9 of the sensor unit 1 b. 
[0061] Likewise, the Infrared light emitted from the 
light emitting device 20 of the sensor unit 1 b converges 
under the action of the tower half of the semi-cylindrical 

40 lens 22, and is projected out of the optical communica- 
tion window 1 4 as a parallel beam. The Infrared light pro- 
jected from the optical communication window 1 4 trav- 
els and eventually reaches the optical communication 
window 1 2 of the adjacent sensor unit 1 a. The infrared 

45 light which has passed into the optical communication 
window 1 2 converges under the action of the lower half 
of the semi-cylindrical lens 21 , and Impinges upon the 
light receiving device 1 8 of the sensor unit 1 a. 
[0062] The electric structures of the hardware and 

so software of the sensor unit 1 are illustrated In the func- 
tional block diagram of Rgure 6. 
[0063] As shown in the drawing, the electric structu re 
of the sensor unit 1 includes various processing func- 
tions (1 00 to 1 09) which are achieved by software or by 

55 a CPU, and various processing functions (201 to 220) 
which are achieved by hardware or by special circuits. 
[0064] First of all, th sensing circuit system Is de- 
scribed. A measurement control process 1 00 controls a 
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light emitting control unit 203 through a Dght emitting 
control process 101 .and causes a light mittingdvice 
(LED) 201 to emit infrared light The signal produced 
from a light receiving device (PD) 202 as a result of re- 
ceiving infrared light is amplified by an amplifier circuit 
unit 204, and after being converted into a digital signal 
by an A/D converter 205, is forwarded to the measure- 
ment control process 1 00 through a light receiving con- 
trol process 1 02. The measurement control process 1 00 
causes the received light signal from the light receiving 
control unit 1 02, either as it is or as a binary signal ob- 
tained by comparing the received light signal with a 
threshold value, to be forwarded to an external output 
of acontrol output unit 21 8 through a control output proc- 
ess 108. 

[0065] The right and left communication circuit sys- 
tems are now described in the following. A communica- 
tion control process 103 controls a transmission/recep- 
tion control process 104 which In turn causes left and 
right communication light emitting devices (LED) 207 
and 209 to emit infrared light toward the adjacent sensor 
units by controlling left and right light emitting dnve units 

211 and 213. The infrared lights emitted from the adja- 
cent sensor units are received by corresponding light 
receiving devices (PD) 206 and 208, and the received 
light signals are amplified by amplifier circuits 210 and 

212 before they are finally forwarded to the communi- 
cation control process 1 03 via the trar«missk>n/recep- 
tion control process 104. The communication control 
process 103 executes an optical communication be- 
tween each pair of adjacent sensor units by controlling 
the communication signal according to a prescribed pro- 

[0O66] The control circuit system for a display lamp is 
described in the following. A display lamp control proc- 
ess 106 controls a display lamp 214. A switching input 
detection process 105 processes a signal from an ex- 
ternal set-up button switch 215. A power unit 216 sup- 
plies power to the sensor unit as whole. 
[0067] The signal obtained from an external reset unit 
217 is forwarded to the measurement control process 
1 00 through a reset process 1 09 to reset the measure- 
ment control. . 
[0068] As can be appreciated from the foregoing de- 
scription, the sensor unit 1 according to the present in- 
vention comprises the housing 2 which can be arranged 
closer/ one next to another in a sensor unit array, and 
is adapted to be connected to the sensor heads 4a and 
5a via the optical fiber cables 4 and 5. The housing 2 
accommodates the sensing circuit system for achieving 
the desired sensing function in cooperation with the sen- 
sor heads 4a and 5a, the right optical communication 
circuit system 210, 211, ... including the light emitting 
and receiving devices 208 and 209 for conducting a bi- 
directional optical communication with the right adjacent 
sensor unit in a s nsor unit array having the sensor units 
arranged closely on next to another, and the left optical 
communication circuit system 212, 213, ... Including the 



light emitting and receiving devices 206 and 207 for con- 
ducting a bi-directional optical communication with the 
left adjacent s nsor unit in a s nsor unit array having 
the sensor units arranged closely one next to another. 
5 Thereby, a bi-directional optical communication be- 
tween each pair of adjacent sensor units is enabled in 
the sensor unit array. 

[0069] The right and left sides 11 and 13 of the hous- 
ing 2 of the sensor unit 1 are planar, and are not provided 
10 with any connector relying on the engagement between 
a projection and a recess. Therefore, when replacing 
any one of the sensor units mounted on the DIN rail 1 0, 
It would not be obstructed by the adjacent sensor units. 
This simplifies the work Involved in removing and 
is mounting a sensor unit from and onto the DIN rail 1 0. 
The design of the metallic die assembly for molding the 
housing is also simplified because no consideration is 
required for any connectors using an engagement be- 
tween a projection and a recess that would be otherwise 
20 provided on each side of the housing. 

[0070] If semi-cylindrical lenses 21 and 22 are used 
for the optical lenses, they can be each used commonly 
for a light emitting device and a light receiving device so 
that the work required for aligning the optical center line 
25 fe simplified and the space required for receiving the 
lens can be minimized. 

[0071 ] The process for preventing mutual Interferenc- 
es in a photoelectric sensor system using a plurality of 
such sensor units is described in the following with ref- 
30 erence to Figures 7 and 8. 

[0072] An exemplary arrangement of sensor units Is 
shown In Figure 7, and the synchronization timing for 
preventing mutual interferences is shown in Figure 8. In 
this example, three sensor units S1, S2 and S3 are 
35 used. 

[0073] Referring to these drawings, in step 1 , follow- 
ing a light emission from the first sensor unit S1 , a syn- 
chronization signal is forwarded to the second sensor 
unit S2 with a small time delay (DT). 
40 [0074] In step 2, following a light emission from the 
second sensor unit S2, a synchronization signal is for- 
warded to the third sensor unit S3 with a small time delay 
(DT). In other words, in step 2, the sensor unit S2 passes 
a synchronization signal from the first sensor unit S1 to 
45 the third sensor unit S3 in the manner of a bucket bri- 
gade. 

[0075] In step 3, following a light emission from the 
first sensor unit S1 , a synchronization signal is forward- 
ed to the second sensor unit S2 with a small time delay 

50 PT). to . . 

[0076] In step 4, the second sensor unit S2 emits light 
following the reception of the synchronization signal with 
a small time delay (DT), and then, with an additional 
small time delay (DT), transmits a synchronization slg- 
55 nal to the third sensor unit S3. In other words, in step 4, 
the second sensor unit S2 passes a synchronization sig- 
nal from th first sensor unit S1 to th third sensor unit 
S3lnthemann r of a bucket brigade. 
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[0077] Th first sensor unit S1 emits light at a regular 
interval. Each transmission of a synchronization signal 
may be accompanied by a handshaking procedure to 
acknowledge receipt of the signal. 
[0078] According to the actions which take place in 
steps 1 to 4, each fight emission pulse of each sensor 
unit S1 to S3 is shifted from one sensor unit to another. 
As a result, the mutual interferences between the fight 
emission pulses of adjacent sensor units can be avoid- 
ed. 

[0079] The bi-directional communication between the 
sensor units which is also an important feature of the 
present invention is described in the following. An ex- 
emplary arrangement of sensor units is illustrated in Fig- 
ure 9, and data communication timing is illustrated in 
Figure 10. In this example also, three sensor units S1, 
S2 and S3 are used. The data transfer is executed in 
synchronism with each light emission pulse. 
[0080] The procedure for the first sensor unit S1 to 
obtain requested data is described in the following with 
respect to the case in which the first sensor unit S1 for- 
wards a data request command to the third sensor unit 
S3, and in response to this, the third sensor unit S3 ex- 
ecutes the data request command and forwards the re- 
quested data to the first sensor unit S1 . 
[0081] In these drawings, step 1 corresponds to the 
action of the first sensor unit S1 forwarding a data re- 
quest command to the second sensor unit S2. 
[0082] in step 2, the second sensor unit S2 forwards 
a data request command to the third sensor unit S3 upon 
the onset of the following cycle of light emission. In other 
words, in step 2, the second sensor unit S2 passes a 
data request command from the first sensor unit S1 to 
the third sensor unit S3 in the manner of a bucket bri- 



[0083] In step 3, the third sensor unit S3 forwards the 
requested data to the second sensor unit S2 upon the 
onset of the following cycle of light emission. 
[0084] In step 4, the second sensor unit S2 forwards 
the requested data to the first sensor unit S1 upon the 
onset of the following cycle of light emission. In other 
words, in step 4, the second sensor unit S2 passes the 
requested data from the third sensor unit S3 to the first 
sensor unit S1 in the manner of a bucket brigade: 
[0085] According to the actions which take place in 
steps 1 to 4, the first sensor unit S1 obtains the request- 
ed data by the first sensor unit S1 forwarding a data re- 
quest command to the third sensor unit S3, and In re- 
sponse to this, the third sensor unit S3 executing the 
data request command, and returning the requested da- 
ta back to the first sensor unit S1 . 
[0086] The optical communication window which is 
formed In the housing 2 of the sensor unit 1 according 
to the present invention may take various different 
forms. Figure 1 1 shows two such examples. In the case 
of the example illustrated in Figure 11(a), the optica) 
communication window consists of a window 12 which 
Is commonly used for Bght emission and reception as 



described earlier, and both th fight emitting device 17 
and fight receiving device 1 8 are therefore placed in the 
same window 12. In the case of the example Illustrated 
In Figure 1 1 (b), the optical communication window con- 
s sists of two separate windows 12a and 12b for light 
emission and reception, respectively, and the fight emit- 
ting device 17 and light receiving device 18 are placed 
in the windowfor light reception 12b and the window for 
fight emission 12a, respectively. 

10 [0087] The sensor unit 1 of the present invention may 
consist of various sensors other than the optical fiber 
type photoelectric sensor. Figure 12 shows an example 
In which each sensor unit 1 is constructed as a proxi- 
mate sensor. In this example, each sensor head 23 is 

?5 provided with a cod serving as an inductive element or 
an electrode serving as a capacitive element which 
forms an oscillation circuit in cooperation with other cir- 
cuit components included in the sensing circuit system 
accommodated in the unit housing. As an object to be 

20 detected approaches the sensor head 23, the induct- 
ance or capacitance of the oscillation circuit changes, 
and this in turn changes the oscillation amplitude and/ 
or frequency. Typically, the circuit which is used detects 
the presence of an object from changes in the oscillation 

25 properties. 

[0088] Figure 13 shows an example In which each 
sensor unit 1 is constructed as an ultrasonic sensor. In 
this example, each sensor head 24 consists of an ultra- 
sonic horn for both reception and transmission. The 

30 sensing circuit system which is accomrnodated in each 
sensor unit typically detects that presence of an object 
as changes in the level of the received ultrasonic waves 
detected by the sensor head 2. 

35 INDUSTRIAL APPLTCABILfTY 

[0089] As can be appreciated from the foregoing de- 
scription, according to the sensor unit of the present in- 
vention, a highly reliable bi-direction data transmission 
40 is enabled between each pair of adjacent sensor units 
forming a sensor system. 

[0090] According to the sensor unit of the present in- 
vention, In addition to enabling a highly reliable bi-direc- 
tion data transmission between each pair of adjacent 
45 sensor units, because the housing is provided with fiat 
sides, the handling of the sensor unit when mounted on 
a DIN rail is improved, and the manufacturing cost is 
reduced. 

[0091] Furthermore, according to the sensor system 
so of the present invention] a bi-direction data transmission 
is enabled between each pair of adjacent sensor units 
forming the sensor system in a highly reliable manner 
so that more enhanced data set-up manipulation and 
monitoring are enabled through integration of various 
55 functions in each sensor unit 
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Claims 

<X) A sensor unit for a multiple sensor unit array con- 
taining a plurality of such sensor units closely one 
next to another, 

the sensor unit comprising a housing that is 
adapted to be mounted closely one next to an- 
other and to be connected to a sensor head via 
a cable, 

the housing accommodating a sensing circuit 
system for achieving a desired sensing function 
in cooperation with the sensor head, a first op- 
tical communication circuit system Including a 
light emitting device and a light receiving device 
for conducting an optical bi-directional commu- 
nication with one of the adjacent sensor units 
in a multiple sensor unit array, and a second 
optical communication circuit system including 
a light emitting device and a light receiving de- 
vice for conducting an optical bi-directional 
communication with the other of the adjacent 
sensor units, 

whereby the sensor unit is enabled to conduct 
an optical bi-directional communication with 
each of the adjacent sensor units in the multiple 
sensor unit array. 

2- A sensor unit according to claim 1, wherein the 
housing is provided with a first optical communica- 
tion window provided on one side thereof for con- 
ducting an optical bi-directional communication with 
one of the adjacent sensor units in the sensor unit 
array, a second optical communication window pro- 
vided on the other side thereof for conducting an 
optical bi-directional communication with the other 
of the adjacent sensor units in the sensor unit array, 
whereby the sensor unit Is enabled to conduct an 
optical bi-directional communication with each of 
the adjacent sensor units in the sensor unit array 
via a corresponding one of the optical communica- 
tion windows. 

3. A sensor unit according to claim 2, wherein the op- 
tical communication window on each side of the 
housing is fitted with an optical lens to thereby im- 
prove an efficiency In emitting and receiving light in 
the optical communication by the light emitting de- 
vice and light receiving device. 

4. A sensor unit according to claim 3, wherein the op- 
tical lens provided in the optica) communication win- 
dow on each side of the housing consists of a semi- 
cylindrical lens having a flat surface facing outward 
and shared by the light emitting device and light re- 
ceiving device, the light emitting device and light re- 
ceiving device being arranged along an axial direc- 
tion fth semi-cylindrical lens, and b ing reversed 



in position from on side of the housing to th oth r 
so as to complementarity oppose th counterparts 
thereof In the corresponding adjacent sensor unit In 
the sensor unit array. 

5 

5. A sensor unit according to any one of daims 1 to 4, 
further comprising data transfer control means for 
enabling a bi-directional transfer of data between 
each pair of adjacent sensor units In the manner of 

io a bucket brigade by controlling the first and second 
optical communication circuit systems. 

6. A sensor unit according to any one of claims 1 to 6, 
wherein the sensor unit comprises a photoelectric 

is sensor. 

7- A sensor unit according to any one of claims 1 to 5, 
wherein the sensor unit comprises an ultrasonic 
sensor. 

20 

8. A sensor unit according to any one of claims 1 to 5, 
wherein the sensor unit comprises a proximate sen- 
sor. 

zstfl Q A sensor syste m comprising a plurality of sensor 
units arranged in a multiple sensor unit array, each 
sensor unit including a housing that is adapted to 
be mounted closely one next to another and to be 
connected to a sensor head via a cable, 

30 

the housing accommodating a sensing circuit 
system for achieving a desired sensing function 
in cooperation with the sensor head, a first op- 
tical communication circuit system including a 

35 light emitting device and a light receiving device 

for conducting an optical bi-directional commu- 
nication with one of the adjacent sensor units 
in the multiple sensor unit array, and a second 
optical communication circuit system including 

40 a light emitting device and a light receiving de- 

vice for conducting an optical bi-directional 
communication with the other of the adjacent 
sensor units, 

whereby each sensor unit is enabled to conduct 
45 an optical bi-directional communication with 

each of the adjacent sensor units In the multiple 
sensor unit array. 

10. A sensor system according to claim 9, wherein the 
so housing is provided with a first optical communica- 
tion window provided on one side thereof for con- 
ducting an optical bi-directional communication with 
one of the adjacent sensor units In the sensor unit 
array, a second optical communication window pro- 
55 vided on the other side thereof for conducting an 
optical bi-directional communication with the other 
of the adjacent s nsor units In the sensor unit array, 
whereby th s nsor unit Is nabled to conduct an 
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optical bWirectiona! communbati n with each of 
the adjacent sensor units in the sensor unit array 
via a corresponding one of the optica] communica- 
tion windows. 

1 1 . A sensor system according to claim 1 0, wherein the 
optical communication window on each side of the 
housing is fitted with an optica] lens to thereby Im- 
prove an efficiency in emitting and receiving light In 
the optical communication by the light emitting de- 
vice and light receiving device. 

12. A sensor system according to claim 11, wherein the 
optical lens provided in the optical communication 
window on each side of the housing consists of a 
semi-cylindrical lens having a flat surface facing 
outward and shared by the fight emitting device and 
light receiving device, the light emitting device and 
light receiving device being arranged along an axial 
direction of the semi-cylindrical lens, and being re- 
versed in position from one side of the housing to 
the other so as to complementarfly oppose the 
counterparts thereof In the corresponding adjacent 
sensor unit in the sensor unit array. 

13. A sensor system according to any one of claims 9 
to 12, further comprising data transfer control 
means for enabling a bi-directional transfer of data 
between each pair of adjacent sensor units in the 
manner of a bucket brigade by controlling the first 
and second optical communication circuit systems. 

14. A sensor system according to any one of claims 9 
to 1 3, wherein the sensor unit comprises a photoe- 
lectric sensor. 

15. A sensor system according to any one of claims 9 
to 13, wherein the sensor unit comprises an ultra- 
sonic sensor. 

16. A sensor system according to any one of claims 9 
to 13, wherein the sensor unit comprises a proxi- 
mate sensor. 



wfth the other adjacent sens runittnth mul- 
tiple sensor unit array, 

whereby the sensor unft is enabled to conduct 
an optical bi-directional communication with 
5 each of th e adjacent s ensor units fn the multiple 

sensor unit array. 

18. A sensor unit according to claim 17, wherein the first 
and second optical communication windows each 

10 consist of a single window for both light emission 
and transmission. 

19. A sensor unit according to claim 17, wherein the first 
and second optical communication windows each 

*s consist of a pair of windows for light emission and 
transmission, respectively. 

20. A sensor unit according to claim 1 7, wherein the first 
and second optical communication windows are 

20 each closed by a filter for shutting off visible light. 

21 . A sensor unit according to any one of claims 1 7 to 
20, wherein the sensor unit comprises a photoelec- 
tric sensor. 

25 

22. A sensor unit according to any one of claims 17 to 
20, wherein the sensor unit comprises an ultrasonic 
sensor. 

so 23. A sensor unit according to any one of claims 1 7 to 
20, wherein the sensor unit comprises a proximate 
sensor. 
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17. A sensor unit for a multiple sensor unit array, com- 45 
prising: 

a housing adapted to be mounted closely one 
next to another and to be connected to a sensor 
head; *> 
a first optical communication window provided 
on one side of the housing to conduct an optical 
bi-directional communication with one of the 
adjacent s ensor units in a multiple sensor unit 
array; 55 
a second optical communication window pro- 
vided n the other side of the housing t con- 
duct an optical bi-directional communicati n 
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Description of reference numerals 



1 


sensor unit 


la 


sensor unit 


1b 


sensor unit 


1c 


sensor un'rt 


2 


housing 


3 


rear end 


A 


riiftoninflr fiK*af r^Hf** 


4a 

TCI 


ogi iivovi 


C 

D 


incoming fiber cable 


5a 


sensor head 


6 


front end 


7 


connector 


8 


electric cable 


9 


DIN rail mount groove 


10 


DIN rail 


11 


right side 


12 


optical communication window 



12a window for li^tt emission 

12b window for light reception 

13 lea side 

14 optical communication window 

16 circuit board 

17 light emitting device for right side communication 

18 light receiving device for right side communication 

19 light emitting device for left side communication 
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20 light receiving device for left side communication 

21 semr-cyiindricai lens 

22 semr-cylindrical lens 

100 measurement control process 

101 light emission control process 

102 light reception control process 

103 communication control process 

104 transmission/reception control process 

105 switching input detection process 

106 display lamp control process 

107 EEPROM control process unit 

108 control output process 

109 reset process 

201 light emitting device (LED) 

202 light receiving device (PD) 

203 light emission control circuit unit 

204 amplifier circuit unit 

205 A/D converter 

206 light receiving device for left side communication (PD) 

207 light emitting device for left side communication (LED) 

208 light receiving device for right side communication (PD) 

209 light emitting device for right side communication (LED) 

210 amplifier circuit 

21 1 light emission drive circuit 

212 amplifier circuit 

213 light emission drive circuit 
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214 display lamp 

215 set-up button switch 

216 power unit 

217 reset unit 

218 control output unit 

219 EEPROM 

220 oscillator (OSC) 
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